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METHOD AND SYSTEM FOR DETERMINING A PERFORMANCE OF PLASMA 

ETCH EQUIPMENT 

Field of the Invention 

5 

The present invention generally relates to a method 
of determining a performance of plasma etch equipment, 
and more particularly to a method of determining the per- 
formance during normal wafer processing. The present in- 
10 vention further relates to a system for determining a 
performance of plasma etch equipment. 



Background of the Invention 

15 

Etching in a plasma environment is a well-known tech- 
nique in the semiconductor industry. Plasma etching has 
several significant advantages when compared to wet etch- 
ing. For example, plasmas are much easier to start and 
20 stop than immersion wet etching. Further, plasma etch 
processes are less sensitive to temperature changes of 
the wafer. Thus, besides further advantages that are, for 
example, related to the production of small features, 
plasma etching is much more repeatable than wet etching. 
25 In order to maintain the repeatability, it is impor- 

* tant to monitor the performance of plasma etch equipment, 
\since such performance changes with time. 

Prior art techniques use test wafers with a blanket 
film, for example polysilicon, oxide, or aluminum that 
30 .are etched for a given time. By dividing the thickness of 
^material removed through the process time, the etch rate 
of the equipment can be determined. 

Unfortunately, there are disadvantages related to the 
prior art monitoring. For example, non-production wafers 
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are required to test the etch rate; thereby, material is 
wasted. Further, the plasma etch equipment is required to 
be used for a non-production task, thus reducing its 
availability. Moreover, the prior art etch rate tests are 
mostly performed only once a day. Consequently, an unex- 
pected change in performance of a particular etch tool 
between two monitoring runs on different days is not de- 
tected. This can influence the quality of the wafers pro- 
duced. Further, the yield of the production is reduced. 

The present invention seeks to solve the above men- 
tioned problems and to provide a method and a system for 
determining a performance of plasma etch equipment, 
thereby reducing the number of test wafers and increasing 
the tool availability by reducing non-production time. 
Further, production quality and yield shall be improved. 

Brief Description of the Drawings 

Figure 1 is flow diagram illustrating a preferred em- 
bodiment of a method according to the present invention; 

Figure 2 is a block diagram illustrating preferred 
embodiments of systems according to the present inven- 
tion; 

Figure 3 is a diagram showing an IEP ( inter ferometric 
endpoint) signal versus time; and 

Figure 4 is a diagram showing an OES (optical emis- 
sion spectroscopy) signal versus time. 
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Detailed Description of Preferred Embodiments 

According to the invention, a method of determining a 
performance of plasma etch equipment 10 is provided, the 
method comprising the steps of 

- extracting data that depend on the performance of 
plasma etch equipment 10, during normal wafer processing, 

- comparing the extracted data with predetermined 
data, and 

- deciding whether the performance of the plasma etch 
equipment 10 is acceptable, on the basis of a result of 
comparing the extracted data with predetermined data. 

The present invention further relates to a system for 
determining a performance of plasma etch equipment 10, 
the system comprising 

- means 12 for extracting data that depend on the 
performance of plasma etch equipment 10, during normal 
wafer processing, 

- means 14 for comparing the extracted data with pre- 
determined data, and 

- means 14 for deciding whether the performance of 
the plasma etch equipment 10 is acceptable, on the basis 
of a result of comparing the extracted data with prede- 
termined data . 



There are several advantages related to the method 
and to the system according to the present invention. It 
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is possible to extract data that depend on the perform- 
ance of plasma etch equipment during normal wafer proc- 
essing. Thus, the performance of plasma etch equipment 
can be monitored without using test wafers, thereby re- 
ducing an undesired loss of material. Further, the tool 
availability is increased by reducing the non-production 
time. On the basis of the method and the system according 
to the present invention, plasma etch equipment can be 
monitored continuously. Thus, an unexpected change in 
performance will be noticed and adequate measures can be 
taken, for example removing a particular tool from the 
production line. 

In particular, it is desirable to calculate etch rate 
data and non-uniformity data during plasma etching, since 
these data can be compared to historical data as well as 
to limits of a statistical process control. The calcula- 
tion of etch rate and non-uniformity is preferably per- 
formed on the basis of endpoint data obtained by the 
analysis of IEP signals and/or OES signals. 

Generally, the present invention is used in conjunc- 
tion with etching a film formed on a substrate material. 
For example, the present invention may be used to monitor 
plasma etching of dielectric or conductive layers formed 
over a semiconductor wafer. 

These and other advantages are described and ex- 
plained in further detail with reference to the accompa- 
nying drawings . 

Figure 1 is flow diagram illustrating a preferred em- 
bodiment of a method according to the present invention. 

M4^rstarting the process, in step SOI an etch rate 
is calculat^d7^1?I5^e^h^r^te is calculated, for example, 
by analyzing an IEP signal whTch^wiiJ^be described fur- 
ther below with reference to Figure 3 . TR^-e^Ja^rate can 
also be calculated on the basis of an OES signal . Suctr^ 
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^/^tch 



15 



arlari^sis will be described further below with reference 
to Figur^4 . 

&£4ier calculating the etch rate, in step S02 the non- 
unif ormity^Ea film to be etched is calculated. The 
calculation of tRfe^ion-unif ormity is performed on the 
basis of an OES signa/l^i^h will be described with ref- 
erence to Figure 4 further beitaw. 

^ iV£^£^calculating the non-uniformity, in step S03 the 
3 results of etcIT^a^calculation and non-uniformity cal- 
10 culation are compared waTE^r^u^gtorical data and/or 
statistical process control (SPC) TTlrri-fcs . 

I*l step S04 it is decided, whether the calculated 

v and the calculated non-uniformity are within a 
specificatiohv on the basis of the step of comparing 
(S03) . If the remits are within the specification it is 
decided that the plakma etch tool is up, and normally no 
measures have to be takenX^f both or one of the calcu- 
lated values is not in the spec^>£4_cation, it is decided 
that the tool is down. In this case/^Qr example, the 
tool can be removed from the production r^ae , 

Figure 2 is a block diagram illustrating preferred 
embodiments of systems according to the present inven- 
tion. The plasma etch equipment 10 is monitored by means 
12 for extracting data from the plasma etch equipment 10. 
Such means 12 for extracting data comprise an IEP system 
16 and/or and OES system 16 in communication with a com- 
puter 14. The computer 14 calculates from OES signals, 
from IEP signals or from IEP and OES signals an etch rate 
and a non-uniformity. Further, the computer compares the 
calculation results with historical data and SPC limits. 
It is decided whether the results are in the specifica- 
tion. The decision and/or any other data can be indicated 
by indication means 18. 
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Figure 3 is a diagram showing an IEP signal versus 
time. The etch rate in nm/min is, for example, calculated 
on the basis of the. interf erometri c si gnal b y using_the 
formula 



ra DN P 60 

ER = 

t 2 -t x 

wherein D is the thickness of a film being etched in 
nm, N p is the number of periods between the times t x and 
t 2 (in sec) and wherein D is calculated according to the 
formula 




wherein X is a laser wavelength in nm used for pro- 
ducing IEP signals and IR is the index of refraction of 
the film being etched. 

If, for example, the wavelength is X = 254 nm, the 
index of refraction is IR = 1.46, the number of periods 
of the interf erometric signal is N p = 2, and the corre- 
sponding times are t ± = 8 sec and t 2 = 48 sec, this re- 
sults in a thickness of the film to be etched of D = 87 
nm and, finally, in an etch rate of ER = 2 61 nm/min. 

Such calculation can be automatically performed by 
finding all peaks and valleys of the interf erometric sig- 
nal. A peak is for example defined as a channel having a 
value that is larger than the value in neighboring chan- 
nels. Correspondingly, a valley is defined as a channel 
with a value which is smaller than the values of 
neighboring channels. After finding the peaks and val- 
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leys, the times of peaks and valleys can be determined. 
From this information, the etch rate can be calculated 
with a small statistical error. 

The described etch rate algorithm can be performed on 
5 the basis of all peaks and/or on the basis of all val- 
leys. However, also only several of the peaks and valleys 
determined can be used. In a preferred embodiment, the 
user decides how to perform the etch rate algorithm with 
respect to which data are to be used for the calculation. 
10 Figure 4 is a diagram showing an OES signal versus 

time. The number of counts of a certain wavelength of an 
optical emission spectrum is plotted versus time. In the 

E -resent case, various times related to the endpoint of an 
tching process have to be determined on the basis of the 
^xtinction of an etch product. Under ideal conditions, in 
^hich a film being etched has a non-uniformity of 0 %, 
i.e. the film is completely uniform, the OES signal has 
the form indicated by "ideal trace". However, under real 
, conditions, the film being etched is not completely uni- 
20 form, so that the endpoint start time t x differs from the 
endpoint end time t 2 , resulting in the "real trace" as 
indicated in Figure 4. In the present example, the end- 
point end^tijrne is three seconds later than the endpoint 
start time. 

25 The non-uniformity of the film being etched can be 

(determined by determining the start time t 0 . The average 
value of an initial signal is determined; the time to be- 
gin the averaging can be determined by the user, and also 
the number of points that are involved into the averaging 
30 process. After that, the endpoint start time t x is deter- 
mined by obtaining a certain percentage of the average 
value determined before. Alternatively, an absolute sig- 
nal value can be compared with a predetermined threshold 
value. Which of the methods are used for determining the 
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endpoint start time t ± is, for example, defined by a 
user. After that, the endpoint end time t 2 is determined. 
From the times t 0 , t x and t 2 , the non-uniformity U of the 
film being etched can be calculated, which is, in per- 
cent, 



In the example illustrated in Figure 4, this would 
result in a non-uniformity of U = (33-30) / (33-0) = 9.1 %. 

The OES signal as illustrated in Figure 4 can also be 
used to calculate the etch rate. For this, the thickness 
D of the film being etched must be determined. Then, the 
etch rate ER in nm/min can be determined by taking the 
film thickness D and dividing it by the average of the 
endpoint start time t 1 and the endpoint end time t 2 (D in 
nm and t x , t 2 in sec) : 



Thus, several methods and combinations of methods are 
provided in order to monitor the etch tool performance 
during normal wafer processing. 

While the invention has been described in terms of 
particular structures, devices and methods, those of 
skill in the art will understand based on the description 
herein that it is not limited merely to such examples and 
that the full scope of the invention is properly deter- 
mined by the claims that follow. 
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